data are available on the 50 km EMEP grid. A distinction is made between surface sources (below 100 m) and high stack sources (above 100 m). For SO2 and NOx, emissions from international shipping are included from the Atlantic including the North Sea. For countries bordering the North Sea and the northeast Atlantic Ocean (The Netherlands, Belgium, United Kingdom, etc.), 10 to 15% of the total deposition of total nitrogen can be attributed to emissions from international shipping. For Portugal and Ireland, as much as 25 and 19%, respectively, is from international shipping [Tsyro and Berge, 1997] . Unfortunately, no information on international shipping is at present available from other sea areas, for example, the Mediterranean. Seasonally averaged aircraft emissions are included for NOx [Gardner et 2.3.1. Oxidation of SO2 to sulphate. SO2 is oxidized to sulphate both in the gas and aqueous phase. In the calculations we always assume equilibrium between the two phases. It should also be noted that in case only a fraction of the grid volume is occupied by clouds, the total concentration (gas plus aqueous) of soluble components is assumed to be uniformly distributed in the grid volume. If the cloud evaporates, the total concentration is always equal to the gas phase concentration. For both gas and aqueous phase reactions we scale the reaction rates, rather than the concentrations, by the solubility and cloud volume fractions. In the present calculations we have assumed a constant pH value of 4.5.
2.3.1.1. Oxidation of SO2 in the gas phase: In the gas phase, SO2 is oxidized by OH. For this reaction we have found it convenient to define a pseudo reaction rate k•s• where the reaction rate ks9 (2.0x 10 -12 molecules-cm ) [Atkinson et al., 1996] (1) Ammonium sulphate is assumed to be formed instantaneously, only limited by the availability of the least abundant of the two species. In the atmosphere, ammonium sulphate is present in two forms, (NH4)2SO4 or NH4HSO4. We assume equal concentrations of the two forms. Any excess NHa may then react with HNOa, forming ammonium nitrate (NH4NOa) through an equilibrium reaction [Mozurkewich, 1993] depths inferred from the calculated sulphate column, we find only very small differences in calculated ozone concentrations compared to the reference model. Assuming an optical depth of two differences in ozone can be large for individual days.
